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A case-control study of Ewing’s sarcoma (ES) was conducted to
search for occupational exposures associated with ES. The study
consisted of 196 cases and 196 random-digit controls matched on
geographical region, gender, ethnic origin and birth date. A ques-
tionnaire was administered to mothers of participants to obtain
information on medical conditions, medications, and parental oc-
cupations during and after the index pregnancy. An occupational
exposure expert coded jobs and industries for possible and prob-
able exposure to selected occupational hazards. Risk of ES was
increased with probable parental exposure to wood dusts during
their usual occupation post pregnancy (odds ration [OR] � 3.2;
95% confidence interval [CI] � 1.1–9.2). Other exposures, includ-
ing a priori suspected risk factors such as exposure to pesticides
and farm animals, were not significantly associated with ES. A
history of household pesticide extermination was associated with
ES among boys aged 15 or younger (OR � 3.0; 95% CI �
1.1–8.1), but not among girls or older boys. Our results suggest
that earlier reports of associations of ES with parental farm
employment may have been describing risks associated with or-
ganic dusts encountered when working on a farm, rather than
agricultural exposures or other farming related exposures.
© 2004 Wiley-Liss, Inc.

Key words: Ewing’s sarcoma; organic dusts; pesticides; childhood
cancer

Ewing’s sarcoma (ES) is a rare bone cancer, with an annual
incidence rate of 2.9 per million in the U.S.1 Although it can occur
at any age, onset of ES occurs primarily in children and adoles-
cents.2–5 Unlike other bone cancers, ES is believed to originate
from the neural crest5 and has no animal model.3–6 Males are at
somewhat greater risk of developing ES, especially during adoles-
cence, and Caucasian children are at much greater risk than Afri-
can-American children.1–4,7,8

Little is known about the etiology of ES. Both genetic and
environmental exposures have been considered. Previous re-
search,9–12 as well as earlier results from our study, found an
association between parental occupation in farming and ES.13

Other parental occupational exposures observed to be associated
with childhood cancers, but not with ES specifically, include
human and animal viruses, chickens, cows, other farm animals,
electronics professions, fuel, oils, solvents, small and large elec-
tromagnetic fields (EMF), pesticides, organic dusts, paints, poly-
cyclic aromatic hydrocarbons (PAHs), ionizing radiation, medical/
dental professions, metals and hair dyes.9–19

Recently, several studies, including the current study, have
reported a link between incidence of ES and elevated rates of
inguinal hernia.9,12–14,20 We hypothesized that the hernias were
due to a disruption in embryological development, possibly as a
result of an in utero parental exposure to an environmental insult,
which could also have led to ES. To evaluate the developmental
disruption hypothesis, we used data from Winn et al.13 and devel-
oped new occupational exposure assessments to examine parental
occupational exposures during the pregnancies of children who
developed ES and controls. Take-home exposures may also confer
risk during childhood; therefore we also examined the hypothesis
that ES may result from post-pregnancy parental exposures
brought home throughout childhood.21

Material and methods
Study design

Details of data collection have been described previously.13 Our
population of ES patients consisted of 196 children and young

adults who had participated in the collaborative clinical trials of
the Intergroup Ewing’s Sarcoma Study from 64 institutions
throughout the US.22–24 From the original clinical trial of 274
cases, interviews were conducted with the mothers of 208 (76%)
cases from 1983–1985. Parents of 63 cases were not interviewed,
32 could not be located, 10 did not speak English, 9 refused to
participate, 5 had no telephone, and the remaining 7 were not
interviewed for other reasons. Four additional cases were excluded
from the current analysis because a person other than a biological
parent was interviewed. In addition, 3 cases and their controls were
excluded because we discovered they were not matched on gender,
and 5 additional pairs were excluded because cases were missing
hernia information, yielding 196 cases and matched controls. Both
sibling and random digit dial controls originally agreed to partic-
ipate; for the purposes of our study, however, only the random
digit dial selected controls were used.25 Controls were selected
from the same geographical location as the cases by using the same
area code and first 5 digits as the cases’ phone numbers (the last 2
digits were generated randomly) and were matched to cases on
gender, ethnic origin and birth date (within 2 years).25 The coop-
eration rate among random digit dial controls was 92%.26

The telephone questionnaire administered to the mothers ob-
tained information on medical conditions, medications and paren-
tal occupations from conception until their children’s’ diagnosis of
ES. For controls, occupational and medical histories were censored
at the age of diagnosis of the corresponding case. Information on
occupation included: job title, duties, industry and dates of em-
ployment. The jobs and industries were coded using Standard
Occupational Classification codes27 and Standard Industrial Clas-
sification codes,28 respectively.

To determine the existence of additional sources of childhood
environmental exposures to pesticides, farming and animals, moth-
ers also answered questions regarding household insect extermi-
nation, family residence on farms, involvement of their children in
chores on farms and pets.

Exposure assessment
An occupational exposure expert, blinded to case status, coded

the information collected on parental occupations to assess possi-
ble and probable exposures to chickens, cows, other farm animals,
fuel, oils, solvents, small and large EMFs, pesticides, organic
dusts, paints, PAHs, ionizing radiation, metals and hair dyes, as
well as employment in electronics and medical/dental professions.
These exposures were selected based on data from the literature
regarding ES and other childhood cancers.9,10,12,13,19,29–35 Parents
exposed to chickens, cows and other farm animals were considered
probably exposed to animal viruses. Persons in medical/dental
professions and those who were likely to have had contact with
large numbers of people in their occupations (e.g., teachers) were
considered probably exposed to human viruses. Oils were defined
as lubricating, hydraulic and cutting substances. All subjects who
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were coded as probably exposed to paints were also coded as
probably exposed to solvents. Exposure to organic dusts was
further divided into wood, cotton and farm-related dusts. These
exposure subgroups were also rated by intensity level (low and
high).

Statistical methods
Maximum likelihood estimates of the odds ratios (OR) and 95%

confidence intervals (CI) were calculated by conditional logistic
regression using SAS version 8.1 (SAS Institute, Inc., Cary, NC).
Several variables previously associated with childhood cancer or
Ewing’s sarcoma were evaluated for potential confounding, in-
cluding childhood diagnosis of hernia, parental smoking status
during pregnancy, birth weight, maternal consumption of alcohol,
caffeine, and medications during pregnancy, parental age at birth,
maternal exposure to X-rays during pregnancy and childhood
exposure to X-rays.9,10,13–19 Evidence of confounding (�10%
change in the OR or statistical significance at p � 0.1) was
observed when childhood diagnosis of hernia and the smoking
status of the mother during the pregnancy were included in models.
All models were adjusted for these, as well as probable exposure
of fathers to organic dusts during usual occupation after preg-
nancy, because this exposure was found to be a significant risk
factor. Although this exposure was significant when both parents
were analyzed together, only fathers’ exposures were significantly
associated with ES. Exposures that were likely to have occurred to
mothers and fathers during pregnancy were analyzed separately.
Parents’ putative exposures that took place after the birth were
combined, and also analyzed separately. For parental exposures,
all children were first analyzed together, and then stratified by
gender and puberty status (puberty defined as 13 years old for girls
and 15 years old for boys) because previous studies hypothesized
that ES incidence may be related to the growth spurt at puberty.1,36

The results of these analyses are presented in the text only when
elevated associations with ES were observed among a particular
age group or gender. Similarly, residential exposures were first
examined in the entire group, followed by gender and age strati-
fication. Only exposures with at least 5 exposed subjects are
presented except for organic dusts subsets when grouped by type
of dust, exposure intensity and gender. All p-values are two-sided.

Results

Our study subjects were mostly Caucasian (94%) and male
(61%). Median age of diagnosis was 13.1 years, with a range of
1.6–22.8 years. Ninety-four percent of fathers were employed
during the pregnancy, and 96% were employed after pregnancy.
The most common occupations held by fathers both during and
after pregnancy were jobs in construction, administration/manage-
ment, and mechanics. Thirty-one percent of mothers were em-
ployed during the pregnancy, primarily in administration, educa-
tion, and sales. Twenty-seven percent of mothers were employed
after pregnancy, most commonly in administration, education,
health care and food professions.

The relationships between parental exposures during their usual
occupations after the index pregnancy and ES are presented in
Table I. A significantly elevated OR for ES was observed for
subjects whose parents were exposed to any type of organic dust.
This association increased slightly when analysis was restricted to
probable exposure to organic dusts. This increase was attributable
to fathers’ probable exposures because only one mother (case) had
probable exposure to organic dusts (all types). The association was
strongest for fathers with exposures to wood dusts and again, was
higher for those with probable exposure to wood dusts (OR � 3.2;
95% CI � 1.1–9.2). When intensity of exposure to wood dusts was
estimated, positive associations with ES were observed (children

TABLE I – ODDS RATIOS FOR EWING’S SARCOMA IN RELATION TO PARENTAL OCCUPATIONAL EXPOSURES AFTER INDEX PREGNANCY

Exposure variable2
Any exposure1 Probable exposure only

OR3 95% CI4 Cases
exposed

Controls
exposed OR3 95% CI4 Cases

exposed
Controls
exposed

Organic dusts (all types)5 2.1 1.0–4.2 34 20 2.4 1.1–5.3 25 13
Fathers only 2.2 1.1–4.5 33 19 2.4 1.1–5.3 25 13
Mothers only 3.5 0.4–33.0 4 1 — — 1 0

Organic dusts (wood)5 2.0 0.9–4.6 22 12 3.2 1.1–9.2 16 6
Fathers 2.3 1.0–5.4 22 11 3.2 1.1–9.2 16 6
Mothers — — 0 1 — — 0 0

Organic dusts (farm)5 2.0 0.6–6.5 12 7 1.6 0.5–4.8 11 7
Fathers only 2.0 0.6–6.5 11 7 1.6 0.5–4.8 10 7
Mothers only — — 1 0 — — 1 0

Organic dusts (cotton)5 3.3 0.4–30.8 4 1 — — — —
Fathers only 1.0 0.06–16.0 1 1 — — — —
Mothers only — — 3 0 — — — —

Pesticides 2.2 0.9–5.4 24 12 0.9 0.2–3.7 7 5
Animal viruses 0.5 0.2–1.4 14 14 1.5 0.5–4.8 12 6
Chickens 1.0 0.3–4.8 5 3 NA NA 0 0
Cows 0.7 0.2–3.0 10 7 2.3 0.4–12.3 8 3
Other farm animals 0.9 0.3–3.3 8 5 1.1 0.1–13.6 2 1
Fuel 1.1 0.6–1.8 41 35 0.8 0.4–1.6 19 23
Oils 0.8 0.5–1.3 55 58 0.5 0.2–1.1 11 22
Polycyclic aromatic hydrocarbons 0.7 0.5–1.2 66 73 1.2 0.6–2.3 30 26
Human viruses 0.9 0.5–1.5 31 34 0.9 0.5–1.6 26 28
Medical/dental professions 1.6 0.7–4.0 13 9 1.6 0.7–4.0 13 9
Metals 0.8 0.5–1.3 63 68 1.6 0.8–3.4 24 21
Paints 0.8 0.4–1.7 29 26 0.3 0.1–1.7 2 6
Solvents 0.7 0.4–1.1 79 91 0.7 0.3–1.7 10 14
1Possible and probable exposure.–2Exposures with at least five exposed subjects are presented except organic dusts (cotton).–3Adjusted for

childhood, diagnosis of hernia smoking status of mother during the pregnancy, and father’s probable exposure to organic dusts during usual
occupation after pregnancy (except for organic dust analyses).–4Confidence interval.–5Adjusted only for childhood diagnosis of hernia and
mother’s smoking status during the pregnancy.
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of fathers with low and high exposures to wood dust had 3 times
[95% CI � 0.8–11.3] and 1.5 times [95% CI � 0.6–4.3], respec-
tively, greater odds of ES than children of fathers with no exposure
[data not shown]), but no positive dose-response trend was evi-
dent. Only one mother (control) was possibly exposed to wood
dust. Industries entailing probable exposure to organic dusts in-
cluded carpentry, mill and lumber work (wood dust), farming
(grain, hay and animal dusts), and textile manufacturing (cotton).
Of parents who were exposed to organic dusts during their usual
occupations, 58% were also exposed through their occupation
during the pregnancies.

In addition to organic dust exposure, probable parental expo-
sures to animal viruses, cows, to substances encountered in the
medical/dental professions and to metals showed increased asso-
ciations with ES (OR � �1.5), but none were significant. The
positive relationship with ES for probable exposure to metals was
seen when both younger (OR � 2.0; 95% CI � 0.6–6.3, exposed
cases � 11) and older boys (OR � 3.7; 95% CI � 0.4–36.4,
exposed cases � 4) were analyzed separately, as well as younger
girls (OR � 3.6; 95% CI � 0.4–35.4, exposed cases � 11).
Industries involving exposure to metals included aircraft manufac-
turing, drivers, auto and electronics maintenance and repair and
welding.

Ewing’s sarcoma was associated with any and probable expo-
sure to pesticides in the crude analysis (OR � 2.7; 95% CI �
1.1–6.5 and OR � 1.5; 95% CI � 0.4–5.3, respectively), but the
OR for each group decreased after controlling for fathers’ expo-
sure to all organic dusts. Exposure to pesticides occurred in farm-
ing occupations, nurseries, grocery stores and restaurants.

Probable exposure of a parent to other exposures such as PAHs
and human viruses during the usual occupation were not associated
with ES when all children were analyzed together. Positive asso-
ciations with ES were observed among older boys whose parents
were occupationally exposed to PAHs (OR � 2.4; 95% CI �
0.4–16.1, exposed cases � 6). Only younger boys had positive
associations with ES when possible and probable exposure of
either parent to human viruses was examined (OR � 2.4; 95%
CI � 0.9–6.7, exposed cases � 16).

None of the paternal occupational exposures that occurr-
ed during pregnancy were significantly associated with ES
(Table II). Organic farm dusts were non-significantly associated
with about a 2-fold increased risk of ES. After stratification by
gender and puberty status, increased associations with ES were
only observed among older children whose fathers were ex-
posed to any type of organic dusts during pregnancy (OR � 2.1;
95% CI � 0.7– 6.1, exposed cases � 12), but this observation

TABLE II – ODDS RATIOS FOR EWING’S SARCOMA IN RELATION TO PATERNAL OCCUPATIONAL EXPOSURES DURING INDEX PREGNANCY

Exposure variable2
Any exposure1 Probable exposure only

OR3 95% CI4 Cases
exposed

Controls
exposed OR3 95% CI4 Cases

exposed
Controls
exposed

Organic dusts (all types)5 1.3 0.7–2.3 29 22 1.4 0.7–2.8 22 16
Organic dusts (wood)5 1.1 0.5–2.2 17 14 1.1 0.4–2.7 11 9
Organic dusts (farm)5 2.2 0.7–7.2 12 7 2.2 0.7–7.2 12 7
Organic dusts (cotton)5 1.0 0.06–16.0 1 1 — — 0 0
Pesticides 1.6 0.7–3.5 23 15 0.7 0.2–2.9 6 6
Animal viruses 0.7 0.2–3.1 9 7 1.6 0.3–9.2 6 3
Chickens 1.5 0.3–6.2 6 3 — — 0 0
Cows 0.7 0.2–3.1 9 7 1.6 0.3–9.2 6 3
Other farm animals 0.9 0.2–3.6 7 5 — — 0 1
Electronics 0.7 0.3–1.6 12 14 0.7 0.3–1.9 10 11
Ionizing radiation 1.6 0.5–3.8 9 7 0.9 0.1–14.3 1 1
Large electromagnetic fields 0.7 0.5–1.1 49 61 0.8 0.4–1.5 19 22
Small electromagnetic fields 0.8 0.5–1.3 74 76 0.7 0.4–1.4 20 25
Fuel 1.0 0.5–1.8 36 32 0.8 0.4–1.7 17 19
Oils 0.8 0.5–1.2 50 55 0.9 0.4–1.9 16 17
Polycyclic aromatic hydrocarbons 0.8 0.5–1.3 64 69 1.4 0.8–2.4 34 25
Human viruses 1.6 0.7–3.7 13 10 1.4 0.6–3.4 11 9
Medical/dental professions 6.1 0.7–50.1 6 1 6.1 0.7–50.1 6 1
Metals 0.8 0.5–1.3 56 60 0.9 0.4–1.8 20 24
Paints 0.7 0.3–1.2 23 26 0.7 0.2–3.4 3 4
Solvents 0.7 0.4–1.0 69 81 1.3 0.5–3.2 13 11
1Possible and probable exposure.–2Exposures with at least 5 exposed subjects are presented except organic dusts (cotton).–3Adjusted for

childhood diagnosis of hernia, smoking status of mother during the pregnancy, and father’s probable exposure to organic dusts during usual
occupation after pregnancy (except for organic dust analyses).–4Confidence interval.

TABLE III – ODDS RATIOS FOR EWING’S SARCOMA IN RELATION TO MATERNAL OCCUPATIONAL EXPOSURES DURING INDEX PREGNANCY

Occupational exposure2
Any exposure1 Probable exposure only

OR3 95% CI4 Cases
exposed

Controls
exposed OR3 95% CI4 Cases

exposed
Controls
exposed

Organic dusts (cotton) 1.3 0.1–18.4 3 2 — — 0 0
Large electromagnetic fields 1.3 0.3–6.1 4 3 3.3 0.3–31.8 3 1
Small electromagnetic fields 0.9 0.6–1.6 36 34 1.2 0.5–2.9 15 11
Oils 1.2 0.3–5.3 5 3 — — 1 0
Polycyclic aromatic hydrocarbons 0.4 0.1–1.9 3 6 0.4 0.04–4.7 1 2
Human viruses 0.4 0.2–1.0 11 18 0.5 0.2–1.1 11 16
Medical/dental professions 0.2 0.03–1.3 2 5 0.2 0.03–1.3 2 5
Metals 3.7 0.4–33.9 4 1 — — 1 0
Solvents 1.4 0.6–3.3 16 10 — — 2 0
1Possible and probable exposure.–2Exposures with at least 5 exposed subjects are presented.–3Adjusted for childhood diagnosis of hernia,

smoking status of mother during the pregnancy, and father’s probable exposure to organic dusts during usual occupation after pregnancy (except
for organic dust analyses).–4Confidence interval.
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was not confirmed when analysis was limited to only those with
probable exposure.

Other elevated but non-significant associations with ES (OR �
�1.5) were observed among children of fathers who had been
exposed to pesticides, chickens, human viruses, and who were
exposed to substances used in medical or dental professions. The
association with pesticides was primarily observed among younger
boys (OR � 6.5; 95% CI � 0.6–76.2, exposed cases � 6), and
exposure to PAHs increased odds of ES among younger boys and
girls combined (OR � 1.7; 95% CI � 0.8–3.5, exposed cases �
22). The OR for probable paternal exposure to human viruses
during pregnancy showed a slightly increased association with ES
for younger girls (OR � 4.9; 95% CI � 0.5–47.1, exposed
cases � 4). Children diagnosed with ES before puberty whose
fathers were exposed to fuel (OR � 1.8; 95% CI � 0.7–4.4,
exposed cases � 22) and solvents during the pregnancy (OR �
1.9; 95% CI � 0.6–6.1, exposed cases � 9) also had positive
associations with ES.

Table III presents OR estimates for ES in relation to maternal
exposures during pregnancy. None of the exposures were signifi-
cantly associated with ES. The low prevalence of women em-
ployed outside of the home during pregnancy resulted in a small
number of occupationally exposed women for analysis. Maternal
exposures to large EMFs and metals during pregnancy showed
positive associations with ES (OR � �1.5), whereas exposure to
PAHs, human viruses and medical/dental professions showed neg-
ative associations. When analyses were restricted to probable
exposures or by certain age and gender strata, the number of
exposed subjects became too small to conduct meaningful analy-
ses.

An analysis of additional childhood exposures found that house-
hold pest extermination during childhood was significantly asso-
ciated with ES in younger boys (OR � 3.0; 95% CI � 1.1–8.1,
exposed cases � 25) but not in girls or older boys (Table IV).
Combining children whose parents had exposure to pesticides
during their usual occupations with children whose houses had
received pesticide extermination treatments, the risk of ES was
increased (OR � 1.5; 95% CI � 0.9–2.5, exposed cases � 80),
particularly among younger boys (OR � 3.4; 95% CI � 1.2–9.3,
exposed cases � 30). When this combined analysis was stratified
for older boys and both age classifications of girls, significant
positive associations with ES were not observed (data not shown).

Younger boys and older girls had a non-significant elevated
association with ES if they always lived on a farm, but this
exposure was protective for older boys. Ever living on a farm was
a risk factor for both age groups of girls (combined OR � 3.1, 95%
CI � 0.8–11.8, exposed cases � 16). Having carried out chores on
the farm was associated with a reduced risk of ES for both age
groups of boys and for older girls.

In both age groups of boys, as well as older girls, positive
associations with ES were observed if they had pets in the house-
hold during childhood. When all children with pets were com-
bined, the OR was 1.6 (95% CI � 0.9–2.7). Boys who had
household pets during childhood or who had parents that were
exposed to chickens, cows or other farm animals during their usual
occupations had positive associations with ES (OR � 2.3; 95%
CI � 1.1–4.7; exposed cases � 103).

Discussion

Our study found ES that is significantly associated with any or
probable parental occupational exposure to organic dusts during
usual occupation after pregnancy. The association increased when
analysis was limited to probable exposure, strengthening the evi-
dence that organic dusts may be risk factors for ES. Furthermore,
positive associations were also present across gender and age
strata, though the precision of estimates was limited by small
numbers of exposed subjects. Evaluation by specific type of or-
ganic dust exposure and ES revealed associations with parental
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exposure to both farm and wood dusts, but only exposure to wood
dusts was statistically significant. Similar to the pattern observed
for total organic dust exposure, the association was stronger when
analysis was limited to include probable wood dust exposure.
Although the intensity of exposure did not show a consistent
upward trend in odds ratios, the wide confidence limits around
these indicate they are unstable due to small numbers of exposed
subjects (n � 34 exposed subjects).

Wood dust is considered a known human carcinogen (Group 1)
based on evidence from epidemiologic studies.37,38 Strong and
consistent associations between wood dust exposure with adeno-
carcinoma of the nasal cavities and paranasal sinuses have been
observed. Wood dusts have also been shown to damage DNA in
cells that are not directly exposed to dust particulate itself. For
example, wood dust exposure has been associated with an in-
creased prevalence of DNA damage (single strand breaks)37 and
micronuclei39 in peripheral lymphocytes from occupationally ex-
posed individuals. Toxicologic analysis of certain wood dust ex-
tracts has shown that some of the naturally occurring chemicals in
woods have both mutagenic and chromosome damaging proper-
ties.37,38 Although the exact mechanism through which dusts could
cause Ewing’s sarcoma in children is uncertain, this evidence
indicates that wood dust exposure could have health effects at sites
distant from the point of entry.

Previous studies have associated parental occupation on a farm
with ES.9–12 Holly et al.9 found an elevated risk for ES in children
whose fathers had agricultural occupations from 6 months before
conception until the time of diagnosis. Hum et al.10 reported that
children of mothers who worked in the farming industry before
conception and during pregnancy were at almost 8-fold greater risk
of ES. Valery et al.12 determined that children whose mothers or
fathers worked on farms around the time of conception (particu-
larly in cases �20 years old at diagnosis) were at twice the risk of
having ES than children of non-farming parents, but these findings
were based on small numbers of exposed subjects and risks were
not significant. Previously published results from our study indi-
cated that children of fathers employed in farming occupations at
time of pregnancy were at around a 2-fold risk of ES compared to
children whose fathers had other occupations.13 Some non-signif-
icant relationships between childhood farm residence and ES were
also observed, especially for younger boys who had always lived
on a farm and girls of both age groups who had ever lived on a
farm.

Holly et al.9 also reported a significantly elevated risk ratio in
children whose fathers were exposed to herbicides, pesticides or
fertilizers at any time during their occupations. In our current
study, crude OR were significantly elevated for pesticide exposure,
but the associations weakened after controlling for fathers’ expo-
sures to organic dusts, which included farm dusts. Associations
with other farm related exposure, such as animal viruses, chickens,
cows and other farm animals also decreased after controlling for
organic dust exposure.

Some researchers have hypothesized that the etiology of ES is
infectious. Holman et al.11 described 6 male ES cases diagnosed
between 12–28 years old, living in rural Australia, all of whom had
at least some direct contact with farm animals, and 2 had direct
contact with each other. In our study, associations with potential
exposure to animal viruses were observed among younger boys,
but the number of exposed older boys was too small for meaning-
ful analysis. Household pet exposure also showed increased but
nonsignificant associations with ES. Household pets and farm
animal exposure showed significantly elevated associations with
ES in all boys. In future studies of ES, childhood animal exposure
warrants further investigation. The relationship between parental
exposures to human viruses and ES was inconsistent. Chance,
small numbers of exposed subjects and exposure misclassification
may be responsible for these inconsistent results.

Certain non-farming occupational exposures have also been
associated with ES. Valery et al.12 found risk doubled for those

subjects whose fathers had ever handled solvents, glues, oils and
greases. In contrast, we found possible or probable exposure of
either parent to solvents during their usual occupations showed
decreased associations with ES.

This is one of the largest case-control studies focusing exclu-
sively on the etiology of ES to date. By differentiating exposures
that took place during pregnancy from those that took place during
usual occupations after pregnancy, we attempted to distinguish
among exposures that may have led to ES as a result of a distur-
bance in utero from those that occurred during childhood.

Our evaluation of residential exposures as well as parental
occupational exposures allowed us to combine similar exposures
from multiple sources to improve exposure assessment accuracy,
although we were not able to account for non-occupational or
non-residential sources of exposure. The relative magnitude of
outside sources of exposure is believed to be small, and geograph-
ical matching of cases and controls reduced confounding by eco-
logic exposures. The possibility remains, however, that unac-
counted burdens of exposure may have contributed to ES
development.

Recall bias may also be a significant limitation in our study. The
rarity of childhood cancers limits researchers’ abilities to eliminate
recall bias by implementing a cohort study design. Parents of cases
may have been more inclined to remember and report exposures as
an effort to explain their children’s cancers. Studies investigating
the effects of recall bias generally have found that although cases
and controls both underreport past exposures, reporting has been
non-differential with regard to case status,40–49 although case
parents have been found to be more likely to volunteer information
about exposures they suspect may have contributed to cancer in
their children.50 The tendency of case parents to volunteer unasked
information is unlikely to have been relevant in our study because
rather than ask parents about specific exposures, we collected
occupational histories, which are less susceptible to recall bias. To
gain a more specific understanding of workplace exposures, we
reviewed the information collected describing each subjects’ spe-
cific jobs, and experts, blind to case status, assigned a selection of
possible and probable occupational exposures. Such an approach is
more accurate than a job exposure matrix, which assigns the same
exposure status to all individuals with the same job/industry com-
bination, and therefore decreases the inherent variability among
the job/industry combinations. The possibility exists, however,
that erroneous exposure assignments could have resulted as a
consequence of using exposure information that often lacked im-
portant determinants of exposure.

Another limitation of our study is the use of mothers as proxies
for data on paternal occupational history. Because histories were
not obtained from the fathers themselves, misclassification of
occupational exposures could have occurred, and interviews with
the fathers would have probably provided a more accurate assess-
ment of their occupational exposures.51 Agreement rates between
mothers’ and fathers’ reporting of paternal job history were fairly
similar, however, when cases were compared to controls.51 Fur-
thermore, agreement between maternal and paternal reporting is
higher when occupational history, rather than specific exposures,
are queried.52–55

To thoroughly evaluate the occupational exposures in this co-
hort, many comparisons were computed for these analyses, raising
the possibility that some of the findings reported may have been
significant by chance. Additional studies will be necessary to
confirm our results.

Finally, the cases involved in our study were initially identified
on the basis of the locations of their treatments, and therefore
neither they nor the geographically-matched controls are represen-
tative of the population of the United States as a whole. Because
cases were also excluded from our study for a variety of reasons,
the results of these analyses cannot be extrapolated to a population
level.
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In conclusion, the results of our study suggest that earlier reports
relating parental farm employment and ES may have been describ-
ing risk associated with organic dusts encountered when working
on a farm, rather than other agricultural or farming exposures.
Further studies should focus on involving greater numbers of
exposed subjects and on targeting populations with greater prev-
alence of exposure to organic dusts, pesticides, and human and
animal viruses. More detailed questionnaires should be used to
obtain more specific exposure information (vs. broad classes of
exposure).56 At the time these parents were interviewed (early

1980s), it was not common for women to work during or after
pregnancy, resulting in few occupational exposures.57,58 Given that
more women today continue to work well into their pregnancies
and return to work shortly after childbirth, new studies of parental
exposures and ES are warranted.
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